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Spiraea virginiana Britton is a rare federally listed rhizomatous shrub endemic to 
the southern Blue Ridge and Appalachian Plateau physiographic provinces. Populations 
of S. virginiana are found restricted to scoured sections of high gradient streams within 
the Ohio River drainage. Present evidence indicates the species is reproducing asexually, 
most probably through the deposition of rhizomes from upstream populations forming 
new downstream ramets. Phenotypic variation was examined through a morphometric 
evaluation of 25 leaf measurements and analyzed using Principal Components Analysis 
(PCA) and discriminant function analysis. Identity and structure at the molecular level 
was examined with Randomly Amplified Polymorphic DNA (RAPDs) and band patterns 
were used to construct a cluster analysis. Past gene flow was identified by combining 
cluster analysis and biogeography data. Results support the current species delineation 
by affirming the S. virginiana/S. corymbosa species boundary. Patterns of variation found 
within S. virginiana indicate that there is some degree of relatedness along short reaches 
of a single river and that within a secondary drainage basin a downstream distribution of 
propagules from multiple tributaries results in a mix of phenotypes. Patterns of variation 
further indicate that past gene flow had occurred across drainages suggesting a pattern of 
migration during Pleistocene glaciation. Results place the S. virginiana ancestral 
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population in the southern part of its range suggesting a southward migration followed by 
recolinization northward, concordant with the work of Delcourt and Delcourt (1981, 
1984). Biogeographical patterns of variation within S. virginiana identify the 
Cumberland Plateau as a migratory route. In addition, evidence suggests that the deeply 
dissected Cumberland Plateau is the probable site of a Pleistocene refugium. 
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INTRODUCTION 
Spiraea virginiana Britton is a rhizomatous shrub endemic to the southern Blue 
Ridge and Appalachian Plateau physiographic provinces. This imperiled plant is 
currently listed as threatened by the U. S. Fish and Wildlife Service and has a global 
ranking of G2 (Rawinski 1988, Ogle 1991a, WWF Guide to Endangered Species 1992, 
Natural Heritage Program list of the Rare Plants Species of North Carolina 1999). The 
species is presently found in seven states with Kentucky, Tennessee, and West Virginia 
containing the highest number of populations and lesser numbers being located in 
Virginia, North Carolina, Georgia, and Ohio (Estill 1996). Collections indicate the 
species was once found in Alabama and Pennsylvania, but no populations are currently 
known to exist in these parts of its historical range (Ogle 1991a). 
Spiraea virginiana is often found growing along rivers in loose gravel deposition 
sites such as meander bars and scrolls but can also be found anchored by rhizomes in the 
crevices of river scoured rock face. The architecture of S. virginiana consists of erect, 
arching, and rhizomatous stems. Four ecotypes have been identified: clumps of erect, 
usually vegetative, stems probably produced from young growth; clumps of arching, 
usually flowering, stems showing greater periderm development; clumps of erect and 
arching stems connected by rhizomes in a phalynx/guerilla growth pattern; and a 
senescent form having a reduced above ground biomass and a large fibrous root system 
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(Ogle 1991 b). The last two ecotypes are thought to allow the plants to exploit the 
environment and maintain an existence within a flood regime (Clegg 1978. Ogle 1991b). 
Populations of S. virginiana are found on second and third order streams within 
the Tennessee, Cumberland, and upper Ohio watersheds of the Ohio River drainage (Fig. 
1) (Ogle 1991b. Murrell and Estill 1995. Estill 1996). S. virginiana populations are 
Figure 1. S. virginiana distribution map including the following Ohio River 
subdrainages: Monongahela. Kanawha, Big Sandy. Scioto, Kinniconick. Cumberland, 
and Tennessee. 
restricted to scoured sections of high gradient streams suggesting that it is a disturbance 
dependent plant requiring periodic flooding to maintain its niche (Rawinski 1988, Ogle 
1991b). The distribution of these populations is along relatively clean water. This 
distribution suggests a causal relationship, and as such S. virginiana may be considered 
an indicator species for the health of a watershed (Murrell and Estill 1995). 
Although no formal studies have been conducted, there is considerable anecdotal 
information suggesting that the primary means of reproduction in this plant is by 
vegetative propagation. Natural layering and rhizomatous growth, as well as downstream 
colonization of dispersed rootstock, has been observed by Ogle (1991b). These 
observations were corroborated with fieldwork conducted by Murrell and Estill (1995) 
and in conjuction with this study. 
The sexual reproduction of S. virginiana is poorly understood (Glencoe 1961, 
WWF Guide to Endangered Species 1990, Ogle 1991b,). A limited examination of seed 
morphology showed the seeds to be shriveled and possibly infertile (Murrell and Estill 
1995). These findings support Ogle's (1991b) observation that the seeds appear sterile, 
follicles are undeveloped and no known seedlings have been observed in nature. 
Common garden experiments, however, have shown that seed set is possible if 
individuals from different drainages are grown together, suggesting that these individuals 
are separated by a sufficient distance to preclude pollination in nature and that barriers to 
self-pollination are in place (Ogle, pers. comm.). 
The genus Spiraea L. contains more than 80 species distributed throughout North 
America. Eastern Europe, and Asia (Rehder 1940). The subfamily Spiraeoideae is 
divided into three sections, based largely on inflorescence structure: Chamaedryon, 
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Spiraea, and Calospiraea (Rehder 1940). Three species of Spiraea section Calospiraea 
occur in eastern North America, S. virginiana, S. corymbosa Raf., and S. japonica L. S. 
virginiana and S. corymbosa are native to eastern North America and S. japonica is an 
introduced species from Asia (Small 1933, Fernald 1950). S. japonica is easily 
distinguished from the native species by flower color, leaf shape/serration and the 
presence of a conspicuous pubescence on the inflorescence and branchlets (Robertson 
1974). S. corymbosa is sometimes included as a variety of S. betulifolia Pallas (S. 
betulifolia var. corymbosa (Raf.) Wenzig). S. betulifolia, a species with a wide 
distribution, has been segregated into at least three varieties: var. lucida (Dougl.) C.L. 
Hitchc. occurs from British Columbia to Oregon and North Dakota; var. betulifolia 
occurs in eastern Siberia, northeast China, and Japan; and var. corymbosa (here treated as 
S. corymbosa) occurs from New Jersey to Alabama and Georgia (Robertson 1974). 
Historically, S. virginana and S. corymbosa have been recognized as segregate species, 
with S. corymbosa having been found in very different habitats, such as dry ridge tops 
and mountains (Glencoe 1961, Ogle 1991a, Estill 1996). However, several studies have 
identified considerable morphological variation and overlap in the two species, and this 
variability has generated some confusion regarding species delineation (Clarkson 1959, 
Glencoe 1965, Ogle 199la,Estill 1996). 
Phenotypic overlap between S. virginiana and S. corymbosa has been found in 
nearly all of the morphological traits analyzed: leaf size, leaf shape, leaf toothing, leaf 
base shape, and corymb size (Glencoe 1961, Ogle 1991a, Estill 1996). Furthermore, 
according to Ogle (1991a), the two species cannot be separated on the basis of stem 
coloration, pubescence, or sepal position at fruiting. Ogle (1991a) did suggest that the 
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glaucous appearance of the abaxial leaf surface of S. virginiana might serve as a reliable 
macromorpological character to differentiate species. A pilot study using Scanning 
Electron Microscopy (SEM) to examine leaf and inflorescence structure suggested that 
species separation might be possible through differences in micromorphological traits 
(Riggins and Murrell 1996). Findings by Riggins and Murrell (1996) suggest that the 
presence of trichomes on petioles, secondary veins, midveins, and anther filaments of S. 
virginiana appear to distinguish it from S. corymbosa, in which case trichomes were 
observed only on the adaxial leaf surface. Currently, ecological factors have been most 
useful in the delineation of the species (Ogle 1991a, 1991b). 
Attempts to understand variation between S. virginiana and S. corymbosa have 
been confounded by variation within S. virginiana. Variation in leaf morphology is 
found among populations, within populations, and between fertile and sterile stems of the 
same individual (Glencoe 1961). Leaf shape ranges from obovate to ovate to elliptical to 
lance-oblong, and leaf margins range from entire to subentire to slightly serrate to 
entirely serrate (Glencoe 1961). Ogle has maintained a common garden of 28 individuals 
of S. virginiana, and these plants have retained existing leaf variability under common 
environmental conditions, suggesting the existence of a heritable component (Murrell 
pers. comm., Ogle pers. comm.). 
The present study used biogeographical, morphometric, and Randomly Amplified 
Polymorphic DNA (RAPDs) analyses to examine the between-species and within-species 
variation of S. virginiana. The species boundaries were examined, in a limited fashion, 
using morphometries and RAPD data. The within-species phenotypic and genotypic 
variation was examined in the context of population structure and biogeography. The 
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intra-specific analyses were used to address several questions that are pertinent to 
understanding past gene flow, past migrations, and present-day management issues for 
this imperiled species. One aspect of this study is the question of clonal identity, that is, 
what is an individual and what is a population. A second aspect of this study is the issue 
of population structure within S. virginiana, that is, what may the patterns of variation 
within and between subdrainages suggest about past gene flow and past migration. 
The restricted present day distribution of S. virginiana, with localities in separate 
subdrainages, coupled with a lack of sexual reproduction, afforded a unique opportunity 
to examine the effects of climatic change during the Quaternary Period on current 
population structure. The 18-20 glacial/interglacial cycles that occurred between 1.6 
Mya and 12 Kya in eastern North America are thought to have caused patterns of 
migration resulting from range expansion and constriction to refugia (Delcourt and 
Delcourt 1975, Delcourt et al. 1980, Delcourt and Delcourt 1981, Graham 1999). During 
the warm, dry hypsithermal period that followed, 8.5 Kya-4.0 Kya, plants suitably 
adapted to these new conditions were thought to be favored (Delcourt and Delcourt 1991, 
Graham 1999). Restriction of S. virginiana to its current riverine habitat and its 
subsequent sexual isolation may date from that time. 
Hypotheses were developed to address the various issues of intra- and inter-
specific relationships. In the test of species boundaries, it was hypothesized that S. 
virginiana and S. corymbosa are separate species. For analysis of individual and 
population delineation it was hypothesized that 1) multiple clumps in a single site 
location are a single genet, and 2) multiple genets within a riverine system are a single 
population. To address the issue of plant migration during past climatic change, two 
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competing hypotheses were developed. First, S. virginiana migrated south during 
Pleistocene glaciation and recolonized northward in the wake of the retreating icesheet, 
and as a consequence, more ancestral variation is expected within the southern 
distribution of S. virginiana. This hypothesis is concordant with the work of Delcourt 
and Delcourt (1981, 1984) and Watts (1983). Second, S. viginiana populations in the 
northern part of the range are relictual, and as a consequence, more ancestral variation is 
expected within the northern distribution of S. virginiana. This hypothesis is based upon 
Ogle's (1991a) work which suggested that S. virginiana was widespread and persisted 
during Pleistocene glaciation allowing ancestral populations to invade periglacial areas of 
disturbance. 
MATERIALS AND METHODS 
Materials and Methods - Morphological Study 
Fifteen S. virginiana and 14 S. corymbosa herbaria specimens (VDB and the 
Western Kentucky University Herbarium) were used in the species level study. 
Specimen selection was dependent upon specimen condition, and single leaves were 
chosen for measurement if those leaves were whole, non-overlapping, and typical leaves 
from that voucher specimen. In the larger morphometric study, 77 samples of S. 
virginiana were field collected. Care was taken to choose material from disjoint clumps 
to prevent multiple sampling from a single individual. Thirty-three additional specimens 
were obtained on loan from various herbaria (VDB, GH, A, MO, VPI, and WVA). The 
combined field and herbarium specimens represented every known elemental occurrence 
(EO as recognized by the GA, KY, NC, OH, TN, VA, and WVA Heritage Programs) 
resulting in a total of 110 samples. Fifty-five of the samples were from sites that only 
produced vegetative stems and 55 samples were from reproductive EOs (Fig. 1, 
Appendix). This sample set included herbarium specimens from 2 sites that are thought 
to be extirpated (Abrams Creek, Nolichucky River) but were included here to create the 
most complete picture of morphological variation. 
Using Morphosys morphometric analysis software, Version 1.29 (Meacham and 
Duncan 1993), voucher images were captured and leaf contours recorded. Computer 
generated points were placed along the leaf margin at 20 degree intervals as measured 
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from a point midway between the leaf base and leaf apex. Twenty-five measurements 
were then taken, generating a modified truss (Bookstein et al. 1985). The resultant data 
were compared in a Principal Component Analysis (PCA) of a Variance-CoVariance 
(VCY) matrix using SYSTAT (version 7.0) software (SPSS 1997). Allometry was 
corrected for by a Burnaby's size adjustment using NTSYS-pc (version 1.70) software 
(Rohlef 1992), and a Discriminant Function Analysis (SPSS 1997) was completed. The 
PCA graph and discriminant function results were coded to identify individuals by 
species, region, drainage, and river. 
Materials and Methods - RAPDs Study 
Three to five leaves were collected from 37 populations of S. virginiana and one 
population of S. corymbosa. Leaf material was placed on ice and subsequently stored at 
-80° C. To maximize information, S. virginiana samples were chosen from disjoint 
clumps at a single location, in multiple locations along single streams, in single locations 
along multiple streams of a subdrainage, and from locations on separate, yet 
geographically close, drainages. A single exception involved two samples from a single 
EO (Anders 022 and 023) to be used as a baseline for the recognition of putative clones 
(Table 1). These samples were chosen because they were the furthest upstream 
population, with multiple clumps on a single gravel bar. We assumed clonal identity at 
this site, because of proximity without sexual reproduction or the possibility of 
downstream genet deposition. 
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Table 1. Collection location information for Spiraea used in RAPD analysis. 
Species Voucher/Accession lane # 
RiverS ite 
Locality 
Subdrainage State:County 
S. corymbosa ZM 6370 1 NC:Alexander 
S. virginiana ZM 6502 2 Little TN Tennessee NC:Macon 
JE 082 3 Little River TN:Blount 
ZM 6504 4 Hominy NC:Buncombe 
ZM 6497 5 Guest VA:Wise 
ZM 6479 24 Bear Creek GA:Dade 
ZM 6463 25 Lula Falls GA:Dade 
ZM 6483 26 Lula Falls GA:Dade 
ZM 6468 27 Lula Falls GA:Dade 
ZM 6469 28 Lula Falls GA:Dade 
ZM 6492 37 Abram Creek TN: Blount 
CA 014 38 **Glen Daniel WV: Raleigh 
CA 037 6 Pound Big Sandy VA:Dickenson 
ZM 6500 7 Russell Fk VA:Dickenson 
ZM 6498 8 New Kanawha VA:Grayson 
CA 014 9 Bluestone WV: Mercer 
ZM 6509 10 Greenbrier WV:Greenbrier 
CA 009 11 Meadow WV: Fayette 
ZM 6511 12 Buckhannon Monongahela WV:Upshur 
CA 017 13 Kinniconick Kinniconick KY: Lewis 
CA 022 14 *Kinniconick KY: Lewis 
CA 023 15 *Kinniconick KY:Lewis 
CA 003 16 Scioto Brush Scioto OH:Scioto 
CA 001 17 Scioto Brush OH: Scioto 
CA 005 18 Scioto Brush OH:Scioto 
ZM 6495 19 Rockcastle Cumberland KY: Pulaski 
ZM 6517 20 Sinking Creek KY: Laurel 
ZM 6514 21 Sinking Creek KY: Laurel 
ZM 6516 22 Sinking Creek KY:Laurel 
CA 041 23 Laurel KY:Laurel 
ZM 6707 29 Chickamauga TN:Hamilton 
JE 258 30 Daddy's TN:Cumberland 
JE 22-c 31 Emory TN: Morgan 
JE 21-a 32 Obed TN: Morgan 
JE 12-a 33 Clifty Creek TN:Roane 
JE 9 Aa 34 White Oak TN: Scott 
JE 8-b 35 Cane Creek TN:VanBuren 
JE 27a 36 Big South Fk TN: Scott 
* Voucher specimens CA 022 and CA 023 were collected from separate clumps on the 
same sand bar. 
** Voucher specimen CA 014 was collected in Glen Daniel, WV from a seep-like 
environment along the side of the road next to the town post office. This is the only 
known nonriverine population of S. virginiana. 
Extraction of DNA from leaf material was done using CTAB methodology 
(Doyle and Doyle 1987). Random 10 base oligonucleotides (The University of British 
Columbia, Nucleic Acid - Protein Service Unit, GST Registration No. R108161779) 
were used as single primers for amplification of genomic DNA. RAPD protocols 
followed Bowditch et al. (1993), with O.lmg/ml bovine serum albumin (New England 
Biolabs) chosen over gelatin as a reaction stabilizer. The PCR amplification was 
conducted on a Perkin-Elmer 2400, using 200 ul thin walled tubes. The temperature 
profile of the PCR amplification followed Bowditch et al. (1993), with an initial one min 
denaturation at 94°C, followed by 45 cycles of denaturing at 94°C (1 min), annealing at 
36°C (1 min), extending at 72°C (2 min), and a final single extension at 72°C (7 min). 
Products were separated in a 1.5% agarose TBE gel (0.75 g NuSieve, 0.75g SeaKem, 
dissolved in 100ml IX TBE) at 50 - 55 milliamps on an Owl B2 Minigel system, using a 
standard 24 tooth comb 1.5 mm thick with an approximate well volume of 20 ul. Two 
gels were run for each primer to accommodate the entire set of samples. Experimental 
and water blank lanes contained 2 ul loading buffer (30% Ficoll, 200mMEDTA [pH 8.0], 
0.5% bromphenol blue, dissolved in water and stored at -20°C) per 10 ul PCR product 
(Bowditch et al. 1993). Gel number one contained PCR products from specimens 1-19 
and gel number 2 contained PCR products from specimens 1 9 - 3 8 . To aid in 
interpretation, 1 KB markers were run on lanes to the left and right of the 
experimental/water blank lanes and the PCR product from specimen #19 (Murrell 6495) 
was included on both gels. Maximum separation was achieved by allowing the 
electrophoresis to continue until the loading buffer reached the edge of the gel. The gel 
was stained in an ethidium bromide solution for 30 minutes and destained in water for an 
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additional 10 minutes. Bands were visualized using 254 nm UV radiation 
transilluminator (2040 EV, Stratagene). A Kodak digital science camera/soft ware 
(version 1.6, copyright 1994 - 96, Eastman Kodak Company) equipped with UV filter 
was used to photograph and analyze the gels. Acceptance of a primer for analysis was 
determined by its ability to amplify non-monomorphic bands without producing hyper-
variability. Scoring was done by hand and decisions to include/exclude bands were based 
upon visibility. A binary data set was generated and then correlated using a Jaccard 
coefficient to calculate shared band presence (SPSS 1997). A hierarchical cluster 
analysis using farthest neighbor branch joining algorithms (SPSS 1997) was done to 
produce a similarity/dissimilarity phenogram. Branching patterns from the cluster 
analysis were overlaid on a S. virginiana distribution map. 
Reproducibility of RAPD results is a crucial issue with the use of this technique. 
To ameliorate this problem, primers that exhibited ambiguity were replicated (Micheli et 
al. 1994). This often resolved the problem. If, however, the results remained uncertain, 
either the primer was discarded or the information was entered as missing data. Another 
issue concerning the use of RAPD analysis is the interpretation of band presence or 
absence. The amplification of random fragments means the individual is either 
heterozygous or homozygous dominant for that random sequence. The technique makes 
no distinction between these 2 genotypes nor does it assume that the fragments amplified 
are allelic. It is only a pattern of similarity/dissimilarity that, with increasing numbers of 
bands, allows us to draw conclusions with increasing confidence. Band absence, in 
contrast, does not infer any relationship among taxa and was eliminated from the analysis 
by using a Jaccard coefficient. 
RESULTS 
Results Morphological Study 
The S.virginiana/S. corymbosa PCA scatter plot of Factors 1 and 2 shows distinct 
separation between the species, thereby supporting our species level hypothesis (Fig. 2) 
and the current delineation. Factor 1 accounted for 90.4% of the variation. The loadings 
were of similar sign and magnitude and may, therefore, be considered a function of size. 
Factor 2 accounted for 7.5% of the variance and may be considered a function of shape. 
A discriminant function test on the Manhalanobis distance between the two species 
shows no significance (P = 0.511). However, the discriminant function sorting 
successfully predicts the group in which all 29 individuals belong, suggesting that 
significance would be found in a larger sample size (Table 2). 
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Figure 2. PCA scatter plot showing species separation of S. corymbosa (solid 
circles) and S. virginiana (open circles) based upon leaf size size (factor 1) and leaf shape 
(factor 2). 
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Table 2. Discriminant function analysis. The values in each row are the number of 
specimens sorted by the grouping criteria (species: S. corymbosa (1), S. virginiana (2). 
The total equals the number of specimens from each species. For example, there is a total 
of 14 S. corymbosa OTU's. The error rate shows the percentage of incorrectly sorted 
specimems. 
1 2 Total Error Rate 
1 14 0 14 0 
2 0 15 15 0 
A second PCA, applied to the larger morphometric study, examined variation 
within the single species, S. virginiana. Results show that Factor 1 contained 84.2% of 
the variance and Factor 2 contained 11.2 % of the variance. The component loadings 
show size variation to be distributed throughout the leaf, and shape variability to be 
greatest at leaf base and apex (Table 3). 
The within species variance/covariance scatter plot shows no distinct structure, 
and, in fact, reveals considerable morphological overlap of leaf shape and size (Fig. 3). 
Within this variability, however, some generalized grouping occurs. Specimens from the 
Ohio River subdrainages (northern region) exhibit the greatest variability in size and 
shape with leaf size ranging from large to small and leaf shape ranging from ovate to 
lanceolate. Specimens from the Tennessee River subdrainage (southern region) form a 
poorly defined cluster characterized by having a somewhat smaller leaf size and a more 
narrow or lanceolate leaf shape. The Cumberland River subdrainage (middle region) 
specimens appear to form a more defined cluster characterized by some size variability 
and having a more broadly ovate leaf. A lack of distinct clustering suggests that multiple 
genets within a riverine system are not a single population; however, because these data 
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are drawn from within a single species, distinct clustering is not expected. The subtle 
grouping that is present indicates that there is some degree of phenotypic similarity in 
certain drainages. 
Table 3. Loadings for the first three components of the principal component analysis 
using 25 measurement variables (region l:leaf apex, region 2:proximate to leaf apex, 
region 3:mid-region, region 4: mid-region, region 5: proximate to leaf base, region 6: leaf 
base). 
Measurement location PCI PC2 PC3 
Proximate to leaf base 0.058 0.005 -0.017 
Leaf base 0.045 -0.001 -0.015 
Proximate to leaf base 0.057 0.005 -0.014 
Proximate to leaf apex 0.059 0.002 0.013 
Mid-region 0.065 0.011 0.012 
Proximate to leaf apex 0.061 0.001 0.011 
Proximate to leaf base 0.062 0.013 -0.011 
Proximate to leaf base 0.024 -0.001 -0.010 
Proximate to leaf apex 0.047 -0.004 0.010 
Mid-region 0.069 0.014 0.008 
Mid-region 0.069 0.015 0.008 
Leaf apex 0.046 -0.039 -0.008 
Proximate to leaf apex 0.023 -0.003 0.007 
Leaf base 0.045 -0.042 0.007 
Proximate to leaf base 0.023 -0.000 -0.007 
Mid-region 0.067 0.016 -0.006 
Mid-region 0.018 0.004 0.005 
Mid-region 0.067 0.015 -0.004 
Leaf apex 0.044 -0.038 -0.004 
Proximate to leaf apex 0.025 -0.004 0.004 
Mid-region 0.019 0.004 -0.003 
Leaf base 0.046 -0.042 0.003 
Mid-region 0.020 0.003 0.002 
Mid-region 0.068 0.017 0.002 
Mid-region 0.018 0.004 -0.000 
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Figure 3. PCA variance/covariance scatter plot of S. virginiana leaf size (factor 
1) and leaf shape (factor 2) grouped by biogeography. Specimens collected from the 
northern part of the range are indicated by a capital X, the central region by a solid circle 
and the southern sites by an open square. 
When data from separate subdrainages were analyzed independently, the PCA 
scatterplots revealed the presence of structure in Cane Creek of the Cumberland River 
subdrainage (Fig. 4), Russell Fork River of the northern Ohio River drainage (Fig. 5), and 
Lula Falls of the Tennessee River subdrainage (Fig.6) suggesting that these multiple sites 
have an identity. 
The discriminant function analysis revealed that there is no significant difference 
in leaf shape among S. virginiana from separate subdrainages (Wilks' Lambda = 0.517, 
F = 1.298, df = 50,166, P = 0.114). The classification error rate identified S. virginiana 
from the Cumberland River subdrainage as the least variable (14% sorting error), 
followed by S. virginiana in the Tennessee River subdrainage (36% error) and the 
northern Ohio River subdrainage (39% error) (Table 4). 
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Figure 4. PCA variance/covariance leaf morphology scatter plot of S. virginiana 
found growing in the central part of its range (Cumblerland watershed) and grouped by 
subdrainage ( • : Cane, X: Big South Fork, +: RockCastle, A: Laurel). 
-1 o 1 
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Figure 5. PCA variance/covariance leaf morphology scatter plot of S. virginiana 
found growing in the northern part of its range (Ohio watershed) and grouped by 
subdrainage ( • : Big Sandy, X: Kanawha, +: Scioto, A: Kinniconick, V: Monongahela, 
<: Glen Daniel*). * The Glen Daniel site is along a nonriverine seep located in West 
Virginia near the Kanawha and Monongahela drainages. 
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Figure 6. PCA variance/covariance leaf morphology scatter plot of S. virginiana 
found growing in the southern part of its range (Tennessee watershed) and grouped by 
subdrainage (•:Lula, X: Bear, +: Obed, A: Guest, V: Little TN, <: Little River, >: 
French Broad, • : Chickamauga). 
Table 4. Discriminant function analysis. The values in each row are the numbers of 
specimens sorted by the grouping criteria (subdrainages: Cumberland (1), combined 
northern Ohio subdrainages (2) and Tennessee (3). The number of specimens from each 
subdrainage equals the total. So for example, 28 specimens in the study were from the 
Cumberland subdrainage, none were misclassified into 2 (northern Ohio subdrainage) 
and 4 were placed incorrectly into 3 (Tennessee subdrainage) for an error rate of 13%. 
1 2 J Total Error Rate 
1 24 0 4 28 13% 
2 10 28 8 46 39% 
-> j 4 9 23 36 36% 
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The statistical limitations of discriminant function classification, however, should 
be mentioned. The test defines groups by calculating the centroid of each cluster then 
uses these parameters to predict which group each specimen belongs in thus optimizing 
correct classification. Because of this circularity in the test, significant results are 
necessary in order to draw confident conclusions. Since our results lack significance, we 
are unable to classify specimens by drainage with any confidence. These results, 
therefore, only reveal trends in the data set. With this is mind, there is a clear trend 
towards greater structure in the Cumberland subdrainage data set and a subsequent trend 
towards less structure within the Tennessee and Ohio subdrainage data sets. 
Results - RAPDs Study 
Twenty-two primers were screened for the presence of polymorphisms (Table 5), 
and 10 were rejected because they either failed to amplify or because they produce 
hypervariability. The 12 remaining primers yielded a total of 230 reproducible fragments 
for an average of 19.2 bands per primer. Eighty-three of the total scorable fragments 
(36%) were unique bands and of that number 25 (31%) were generated by the sister 
tax on, S. corymbosa. Since the identification of patterns of similarity was necessary to 
answer questions raised by this study, the unique S. virginiana bands were eliminated 
from the phenetic analysis. The unique S. corymbosa bands, however, were retained in 
the data set. To have eliminated these bands would have caused S. corymbosa to group 
within S. virginiana. 
The PCR amplification resulting in an average of 19.2 bands/primer is a higher 
then expected band number (Bowditch et al. 1993). The use of a short wave length (254 
nm) uv light transilluminator allowed for optimal band visualization (Bowditch et al. 
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Table 5. Nucleotide sequences of 22 screened random primers. An asterisk indicates 
primers selected for use in the molecular analysis. 
Primer Sequence Primer Sequence 
1. * 5 - C C G GCCTTA C-3' 12. 5 '-TTA ACC CCG G-3' 
2. * 5'-GGG GCC TTA A-3' 13. 5'-TTA AGGGGG C-3' 
J . 5 -CCG GCT GGA A-3' 14.* 5'-TTC CCC AAG C-3' 
4. 5'-CCG GCC CCA A-3' 15. 5 -TTC CCC GAG C-3' 
5. * 5'-CCG GGG TTA A-3' 16. 5'-TTC CCC GCG C-3' 
6. 5'-CCC CCC TTA A-3' 17.* 5'-TTC CCG GAG C-3' 
7. * 5'-CCG GGG TTT T-3' 18.* 5'-CTC CCTGAG C-3' 
8. 5'-CCG GGG AAA A-3' 19.* 5'-GTC CCA GAG C-3' 
9. * 5'-TTA ACC CGG C-3' 20. 5'-TCC CTC GTG C-3' 
10.* 5'-AAA ACC GGG C-3' 21.* 5'-TGC CCC GAG C-3' 
11.* 5'-TTA CCC CGG C-3' 22. 5'-ACA GGG CTC A-3' 
1993) and the Kodak Digital Camera software helped identify bands, particularly those 
bands that were separate yet close in size. Additionally, the use of a 1.5% (0.75 g 
Seakem, 0.75g NuSeive) agarose gel maximized the number of scorable low weight 
bands (Baldwin, pers comm.). Finally, the high numbers of bands produced may be the 
result of the mutation load being carried as a result of asexual reproduction (Ridley 
1996). 
The cluster analysis identified four molecular phenotypes (fig. 7). The two 
samples from a single EO (Anders 022 and 023), that were chosen to be used as a 
baseline for the recognition of putative clones, expressed 27% dissimilarity (Fig. 8). 
Molecular Phenotypes: 
S corvmbiisa 
E m o r y River . C U M 
O b e d R i v e r . CI JM 
L u l a Foils. T E N N 
L u l a Fal ls . T E N N 
Lu la Falls . T E N N 
C h i c k a m a u g a . T E N N 
Big Sou th Fk . C U M 
R o c k c a s t l e . C U M 
W h i l e O a k . C U M 
C a n e C r e e k . C U M 
Li t t le R i \ e r . T E N N 
S i n k i n g C r e e k . C U M 
S i n k i n g C r e e k , C U M 
S i n k i n g C r e e k . C U M 
N e w River . K A N A 
Laure l R i v e r . C U M 
L u l a Fal ls . T E N N 
B e a r Creek , T E N N 
K i n n i c o n i e k . K I N N 
K i n n i e o m e k . K I N N 
K i n n i c o n i c k , K I N N 
A b r a m C r e e k . T E N N 
G u e s t R ive r , T E N N 
S c i o t o Brush . S C K J 
M e a d o u . K A N A 
B u e k h a i i n o n . M O N 
Li t t le T N , T E N N 
H o m i n y . T E N N 
P o u n d . Big Sand> 
Russe l l . B i g S a n d y 
C l i f t y C r e e k . l 'ENN 
G r e e n b r i e r , K A N A 
B l u e s t o n c , K A N A 
G l e n D a n i e l * 
S c i o t o Brush . S C I O 
S c i o t o Brush. S C I O 
D a d d y ' s Creek . T E N N 
I H 
virginiana 
0.0 0 . 1 0.1 0.3 0.4 0.5 0.6 0.7 
Distances 
Figure 7. Phenogram generated from molecular data identified by river and subdrainage. Glen Daniels * is a nonriverine population. Four 
molecular phenotypes are identified by cluster. 
Emory/Obed 
Lula Falls 
Sinking Creek 
Bear Creek/Lula 
Kinniconick 
Pound/Russell Fid 
Scioto Brush 
2 2 
D-l 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 
Distances 
Figure 8. Phenogram of putative clones identified using RAPDs. 
DISCUSSION 
The confusion over the S. virginiana/S. corymbosa species boundary has resulted 
in historical problems with the description and delineation of S. virginiana. However, 
our species level study supports the hypothesis that S. virginiana and S. corymbosa are 
separate species. Although separation of the two species appears difficult due to 
phenotypic overlap, the PCA and discriminant function analyses clearly showed the 
species could be separated using a multivariate approach to analyze the phenotypically 
plastic leaf shape character. Although these multivariate techniques are not available in 
general herbarium identification, field observations by the authors, as well as Ogle 
(1991a) and Estill (1996), indicate that the species are easily delineated by habitat, with 
S. virginiana occupying a high gradient, riverine niche and S. corymbosa occupying a dry 
ridge top/mountain slope niche. When this information is missing or ambiguous, the use 
of micromorphological characters may prove helpful, as suggested in preliminary studies 
conducted by Riggins and Murrell (1996). Future work is needed to further document the 
efficacy of using micromorphological characters to separate S. virginiana and S. 
corymbosa. 
The morphometric analysis of within species variation shows that there is no clear 
separation of the species based upon subdrainage. The overlap found in the PCA scatter 
plot and the lack of significance in the discriminant analysis (P > 0.005) indicates that no 
clear structure exists and suggests that gene flow has occurred across drainage 
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boundaries. In the Cumberland subdrainage (14% error rate, discriminant analysis) all 
four of the incorrectly sorted individuals were from the middle and lower Cumberland 
Plateau and all were placed into the geographically closest drainage, the Tennessee. In 
the Tennessee subddrainage (36% error rate) 9 individuals (69%) were placed in the Ohio 
and 4 individuals (30%) were placed in the Cumberland. In the northern Ohio 
subdrainage (39% error rate) 10 individuals (55%) were placed in the Cumberland and 8 
individuals (44%) were placed in the Tennessee. These results identify a trend in the 
Cumberland data that suggests that gene flow has occurred between subdrainages that are 
in close proximity. Information from the Tennessee and northern Ohio sorting is 
interesting but cannot be used to identify trends because of the high error rates and 
ambiguous sorting. A loose clustering of Cumberland OTU's within the PCA scatter plot 
and a lower then expected sorting error rate (14%) in the discriminant analysis suggests 
another trend in the data set, subtle structure. The existence of some degree of 
phenotypic identity in the Cumberland suggests that at some time genetic isolation of 
populations along this drainage has occurred. 
Comparison of morphological variation within each of the three subdrainages 
shows that individuals from complex secondary river systems display the greatest amount 
of morphological variation (Fig. 9, Plot 4) and specimens from simple tertiary river 
systems tend to be morphologically similar (Cane Creek [Fig. 4], Big Sandy Creek [Fig. 
5], Lula Falls [Fig. 6]). This morphological similarity, however, appears to be somewhat 
correlated with the "river mile" length of the drainage. As seen in Scioto Brush Creek 
(Fig.5), populations that are separated by a greater distance exhibit greater dissimilarity. 
These results suggest that within short reaches of a single river there is 
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some degree of relatedness and that within a secondary drainage basin a downstream 
distribution of propagules has occurred from multiple tributaries resulting in a mix of 
phenotypes. 
0 0 0 5 
FACTOR(1) 
0 0 0 5 
FACTOR(1) 
0 0 0 5 
FACTOR(1) 
Figure 9. PCA scatter plot of S. virginiana leaf morphology variation as seen in 
complex and simple secondary drainages within the Cumberland watershed. The White 
Oak (plot 1), Clear Fork (plot 2) and New River (plot 3) are tertiary drainages within the 
South Fork secondary drainage (plot 4). Caney Creek (plot 5) is a simple secondary 
system. 
A decision was made to use Randomly Amplified Polymorphic DNA (RAPD) 
techniques to examine the within species variation after a preliminary analysis of Internal 
Transcribed Spacer (ITS) region (Sanger et al. 1977, Balwin 1992, Wojciechowski et al. 
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1993, Nickrent 1994) sequence data showed little variation. RAPDs was chosen for three 
reasons: 1) it is sensitive enough to show variation at below species levels, 2) the 
technique surveys the entire genome and like any extensive sampling regime optimizes 
character independence, 3) it requires only small amounts of leaf material, eliminating 
concerns about over-collection of this imperiled plant (Bowditch et al. 1993, Micheli et 
al. 1994, Welsh and McCelland 1990, Williams et al. 1990). 
Our hypothesis of one genet/one site does not appear to be supported by the 
RAPD data. The phenetic analysis shows putative clones from a single site location (CA 
022 and CA 023) to be 27% dissimilar (Fig.8). This branch length distance is 
considerably longer than that expected in a genetically identical individual. The most 
likely explanation for the data is that the anecdotal evidence for asexual reproduction in 
S. virginiana is unsupported and that these separate individuals are closely related but not 
clonal. The branch length suggests that highly variable individuals live along separate 
rivers and that more closely related individuals tend to group by proximity. A second, but 
less likely, explanation for the excessive branch length is that the individuals are in fact 
clones and high levels of dissimilarity are a result of an accumulated mutation load over 
an extensive period of time. Further research is required to resolve this issue. 
Seven groups of individuals from within the surveyed drainages exhibited 27% or 
less dissimilarity (Fig. 8); these individuals are clearly the most closely related members 
of the data set strongly supporting the hypothesis that each of these groups is either 
clonal, or a closely related family group. In the Ohio drainage these groups were located 
on the Kinniconick River (three individuals), Pound/Russell Fork/Big Sandy drainage 
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(two individuals), and Scioto Brush Creek (two individuals, with a third from the same 
drainage clustering with Abram Creek and Guest River in the Tennessee drainage). In 
the Cumberland drainage, three individuals along Sinking Creek were clustered together. 
In the Tennessee drainage, grouping was found on the Obed/Emory River (two 
individuals), Lula Falls (three individuals) and LulaFalls/Bear Creek (two individuals). 
Of the four individuals sampled in the Lula Falls drainage, three shared a close identity 
and the fourth clustered with an individual from Bear Creek. This pair of drainages is 
particularly interesting because the two drainages are on opposite sides of Lookout 
Mountain. This distribution suggests that the dissimilar Lula Falls individual is a product 
of past seed dispersal or stream capture from the Bear Creek drainage. Except for this 
Lula Falls/Bear Creek pair, all other groups are physically located along a single 
drainage. 
Branch length dissimilarity of specimens from between adjacent sites coupled 
with apparent lack of fecundity presents management problems for the species. To 
effectively manage this plant its reproduction, as well as its level of molecular variability, 
must be better understood. Future research into the self-incompatibility of S. virginiana 
specifically in reference to the numbers and variation in S alleles and subsequent mating 
types within populations is recommended. Pollinator studies also need to be conducted. 
Four molecular phenotypes and two informative subgroups were identified by the 
cluster analysis (Fig. 7). Mapping these cluster groups on to a distribution map that 
included physiographic provinces allowed visualization of the biogeographical 
relationships among groups (Fig. 10). All four molecular phenotypes, including 
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subgroups, were found in the southern part of the range, specifically in the southern 
Cumberland Plateau and southern Blue Ridge physiographic provinces. 
Two hypotheses were initially proposed to explain the current distribution of S. 
virginiana. The first, which would agree with the work of Delcourt and Delcourt (1981, 
1984), entailed migration of S. virginiana southward during glaciation and a 
recolonization northward after the last glacial maximum. The second, based upon the 
work of Ogle (1991b), entailed persistence of northern relicular populations during 
glaciation and an expansion of populations into periglacial areas of disturbance. The 
genetic variation found in the southern part of the range suggests that this area is the seat 
of the ancestral populations and supports the first of the two hypotheses. 
When the molecular phenotypic variation is overlaid on biogeographical 
distribution data, complex migration events are revealed and the presence of a refugium 
in the Cumberland Plateau can be inferred. The Appalachian Mountains have long been 
recognized, in a general sense, as both a pathway for migration and an area of refugia 
during times of climatic change (Graham 1999). To date, three southeastern refugia have 
been identified: Nonconnah Creek in southwestern Tennessee (Delcourt et al. 1980), 
Goshen Springs in southcentral Alabama (Delcourt et al. 1980), and Sheelar Lake in 
northern Florida (Watts and Stuiver 1980, Watts and Hansen 1994). We would suggest 
that the richness and diversity of the mixed mesophytic associations found in the 
unglaciated Cumberland Plateau and Cumberland Mountains of eastern Tennessee and 
Kentucky (Graham, 1999) identifies it as possible refugium site. The location of all S. 
virginiana molecular phenotypes within the Cumberland Plateau supports the contention 
that this region acted as an additional Pleistocene refugium. 
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Figure 10 Biogeographical distribution based upon the four identified molecular phenotypes (1 
- circle, 2 - star, 3 - square, 4 - triangle) and 2 subtypes 3A (open square), 3B (filled square) of S. virginiana 
and including the proposed Pleistocene migratory routes 1, 2 and 3. 
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The S. virginiana molecular phenotype distribution suggests three migratory paths 
out of the Cumberland and southern Blue Ridge Mountains refugia. Traces of one route 
can be seen through the Blue Ridge and two appear to have left traces through the 
Cumberland Plateau. The first path (1 [Fig. 10]) is suggested by molecular phenotypes 1, 
2, and 3A. This migratory route connects populations in northwest Georgia, Tennessee 
and northeast Kentucky (Cumberland Plateau). A second path (2 [Fig. 10]) is suggested 
from molecular phenotype 3B. This route runs along the Ridge and Valley and connects 
populations in the northern and southern Blue Ridge with populations in southern Ohio 
through the Big Sandy drainage in the Cumberland Plateau. A third path (3 [Fig. 10]) is 
suggested by molecular phenotype 4. This migratory pathway connects populations in 
the northern part of the range suggesting a route between the West Virginia Kanawha 
populations and the southern Ohio Scioto populations. 
The present study produced five main results. First, as anticipated, it confirmed 
the S.virginiana/S. corymbosa species boundary. Second, contrary to anecdotal evidence, 
it placed the clonal nature of S. virginiana in doubt. This outcome indicates the need for 
additional research before the implementation of any proposed management plan. Third, 
it identified the probable site of the S. virginiana ancestral variation thus supporting the 
hypothesis that S. virginiana had migrated southward during periods of glaciation and 
recolonized northward during times of glacial retreat. Fourth, based upon the distribution 
of molecular phenotypes it proposed likely pathways for the migration of S. virginiana. 
And fifth, it hinted at the presence of a Pleistocene refugium within the deeply dissected 
Cumberland plateau, suggesting that this region may offer insights into the understanding 
and preservation of the species as well as address a wide range of questions 
the population structure and systematics of other southeastern flora. 
A P P E N D I X . Voucher /Access ion number , source, and site location of S. virginiana included in the 
morphomet r ic analysis. (CA = Constance Anders , JE= Jamie Estill, Z M = Zack Murrel l ) 
Species Voucher/Acc. Herbarium Locality 
River Site Subdrainage State/County 
1. S. virginiana JF 080 WKU White Oak Cumberland TN:Scott 
2. JE 235 Clear Fork TN:Scott 
3. JE 188 New TN:Scott 
4. JE 201 Big South Fork TN:Scott 
5. JE 256 Cane Creek TN:VanBuren 
6. JE 102 Clear Fork TN:Fentress 
7. JE 259 Cane Creek TN:VanBuren 
8. JE 079 Cane Creek TOVanBuren 
9. JE 077 Cane Creek TN:VanBuren 
10. JE 078 Cane Creek TN:VanBuren 
11. JE 058 Cane Creek TN:Morgan 
12. JE 254 Cane Creek TN:VanBuren 
13. JE 174 Big South Fork TN:Scott 
14. JE 222 Big South Fork TN:Scott 
15. 86256 VPI Sinking Creek KY:Laurel 
16. 86255 Rockcastle KY.Puiaski 
17. 86257 Sinking Creek KY:Laurel 
18. 86267 Clear Fork TN:Morgan 
19. ZM 6496 WKU Sinking Creek KY:Laurel 
20 ZM 6496-b Sinking Creek KY:Laurel 
21. ZM 6491 While Oak TN:Scott 
22. CA 042 Laurel KY:Laurel 
23. ZM 6495 Rockcastle KY:Pulaski 
24. 7108 MO Rockcastle KY:Pulaski 
25. JE 094 WKU Clear Fork TN:Fentress 
26. .IE 081 White Oak TN:Scott 
27. JE 223 Big South Fork TN:Scott 
APPENDIX. Continued. 
Species Voucher/Acc. Herbarium 
River Site 
Locality 
Subdrainage State/Countv 
28. S. virginiana JE 035 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
86272 
80347 
90300 
86271 
39305 
39299 
39304 
39303 
39302 
39301 
30300 
83670 
79815 
79313 
CA 001 
CA 002 
CA 003 
CA 004 
CA 005 
CA 006 
CA 007 
CA 008 
C A 0 1 1 
C A O l l - b 
C A 0 1 0 
CA 009 
ZM 6510 
WKU 
VPI 
WVA 
VPI 
WKU 
Clear Fork 
Bluestone 
Bluestone 
Bluestone 
Meadow 
Glen Daniel 
New 
Glen Daniel 
Gauley 
Bluestone 
Bluestone 
New 
Russell Fork 
Russell Fork 
New 
Scioto Brush 
Scioto Brush 
Scioto Brush 
Scioto Brush 
Scioto Brush 
Scioto Brush 
Scioto Brush 
Scioto Brush 
Meadow 
Meadow 
Meadow 
Meadow 
Gaulev 
Cumberland 
Kanawha 
Kanawha 
Kanawha 
Big Sandy 
Kanawha 
Scioto 
Kanawha 
TN: Morgan 
WV:Mercer 
WV: Mercer 
WV: Mercer 
WV:Fayette 
WV:Raleigh 
WV:Fayette 
WV:Raleigh 
WV:Nicholas 
WV:Mercer 
WV: Mercer 
WV:Fayette 
VA:Dickenson 
VA:Dickenson 
VA:Grayson 
OH: Scioto 
OH:Scioto 
OH:Scioto 
OH:Scioto 
OH:Scioto 
OH:Scioto 
OH:Scioto 
OH:Scioto 
WV: Fayette 
WV: Fayette 
WV: Fayette 
WV:Fayette 
WV:Nicholas 
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APPENDIX. Continued. 
Species Voucher/Acc. Herbarium 
River Site 
Locality 
Subdrainage State/Countv 
56. 5. virginiana ZM 6510-b WKU 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81 . 
82. 
83. 
ZM 6509 
CA 013 
CA 012 
CA 015 
CA 016 
CA 018 
CA 020 
CA 025 
CA 027 
CA 029 
CA 032 
CA 035 
CA 036 
7148 
ZM 6500 
ZM 6511 
39306 
C A 021 
JE 154 
6852 
5299 
209 
JE 036 
JE 124 
JE 140 
JE 141 
JE 258 
VPI 
WKU 
WVA 
WKU 
MO 
GH 
A 
WKU 
Gauley 
Greenbrier 
Glen Daniel 
Glen Daniel 
Bluestone 
Kinniconick 
Kinniconick 
Kinniconick 
Kinniconick 
Kinniconick 
Kinniconick 
Kinniconick 
Kinniconick 
Pound 
Greenbrier 
Russell Fork 
Buckhannon 
Buckhannon 
Kinniconick 
Emory 
Guest 
Bear Creek 
Little TN 
Daddy's Creek 
Daddy's Creek 
Obed 
Obed 
Daddy's Creek 
Kanawha 
Kanawha 
Kinniconick 
Big Sandy 
Kanawha 
Big Sandy 
Monongahela 
Kinniconick 
Tennessee 
WV:Nicholas 
WV:Greenbrier 
WV:Raleigh 
WV:Raleigh 
WV:Mercer 
KY:Lewis 
KY: Lewis 
KY:Lewis 
KY:Lewis 
KY:Lewis 
KY:Lewis 
KY:Lewis 
KY:Lewis 
VA:Dickenson 
WV:Greenbrier 
VA:Dickenson 
WV:Upshur 
WV:Upshur 
KY:Lewis 
TN: Morgan 
VA:Wise 
GA:Dade 
NC:Macon 
TN:Cumberland 
TN:Scott 
TN: Morgan 
TN: Morgan 
TN:Cumberland 
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A P P E N D I X . Continued. 
Species Voucher/Acc. Herbarium 
River Site 
Locality 
Subdrainage State/County 
8 4 . . S. virginiana 1717103 
85. 
86 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 
100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
JE 255 
01 
02 
86261 
86262 
86268 
86270 
78144 
86258 
ZM 6463 
ZM 6463-2 
ZM 6468 
ZM 6469 
JE 082 
ZM 6483 
ZM 6492 
ZM 6504 
ZM 6493 
ZM 6493-b 
ZM 6710 
ZM 6707 
ZM 6708 
ZM 6709 
ZM 6709-b 
ZM 6712 
ZM 6713 
MO 
WKU 
WVA 
WVA 
VPI 
WKU 
Little River 
Cliffty Creek 
Little TN 
Little TN 
Cane 
South Toe 
Little River 
Guest 
Guest 
Bear Creek 
Lula Falls 
Lula Falls 
Lula Falls 
Lula Falls 
Little River 
Bear Creek 
Abram 
Hominy 
Abram 
Abram 
Chickamauga 
Chickamauga 
Chickamauga 
Chickamauga 
Chickamauga 
Chickamauga 
Chickamauga 
Tennessee TN:Blount 
TN:Roan 
NC:Macon 
NC:Macon 
NC:Yancey 
NC: Yancey 
TN:Blount 
VA: Wise 
VA: Wise 
GA:Dade 
GA:Dade 
GA:Dade 
GA:Dade 
GA:Dade 
TN:Blount 
GA:Dade 
TN:Blount 
NC:Buncombe 
TN:Blount 
TN:Blount 
TN:Hamelton 
TN:Hamelton 
TN:Hamelton 
T"N:Hamelton 
TNTIamelton 
TN:Hamelton 
TN:Hamelton 
* T h e Glen D a n i e l site is not located a long a r iver . This popu la t ion is f o u n d g r o w i n g in a seep- l ike 
e n v i r o n m e n t nex t to the Pos t O f f i c e in the t o w n of G len Danie l in Ra le igh Co. , W e s t Vi rg in ia . 
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